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0.5, 1L.0F1S gL MM F AR ARG RN S EME AR AT BE LR D H. ERET,
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HAERE A", AR LR R, FAEYE
IR %% (biofloc reactor, BR)W iz 1fif 4= o F i 5%
LAY B N A i A TR R K, B e
(1 7K A6 24 3 2 5 R e vh 8 52 R T LA 29 K A,
77 A AR ) 2R AT DT U WA TS S A A R H T RO
., BB AE A Rk B W ) b SRR T R A
PR R S A R O g R AR B 4
TR RN AT 5e . BHET, 507 AR W) 2R A O A%
FAR WA B, Hrh e OB 1 R [R) R ik
ERERIR L AU, ARSI LI T A Bk
TEAFAE RSB T A 00T, JoAUAR I X A= 4 28
VN g b A e . AR EY R RFE
BRI SE LU R S 00 2R ) 8T I A e
AN 56 . ToHLAR U5 X AR ) 22 AT 1) e 52 el #1L 1
SEIn) PR LS H BER)

1 MBS I7ik

1.1 £SYMZEHAKRNE

PO WA N A AN E LI, ARSI
K12 R R R N . RN B RN,
AR, 320 mm, JE @ A A 200 mm,
MARONI0L, SEE B A RS L,
J N 5 5 AR BN LA (L5 HP1500GS,
R AR & A RA RS, DLA IR ER
A= IR EE[(30.0£0.5) °CIIH HL i A2 58 43 1 G HR A 18
(24 h)o BLAL, BEAS BN ARIKER A — A 2 fL g
S, AR AERIN SRR
(Th#0.138 kW, HI'5ACO008, HivLLx 155 A1 I fy
AR E) L, T AR A (DO) 6.0 mg/L
Zifi, DAL ER A 7 2 S AOR 44 2R W R T HE I
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Fig. 1 Schematic diagram of biofloc reactor
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JOL 2 PR TR AR A o RN A I BRI A JE
48 h, ALFE A TSR ARG i B B 10 min, BES
BB, N T3R50 1R A B BE 10 minFTs 4 Hiok
By BES min, Az 4 22 A B2 I 25 1 B 10 PR T 1 4
KEALL, 5 A SRR (5 L)I20%, Rk
FL1LIRG HK)E, FIFR %3 = (%35 W,
RIS LabN1, b PR H R B A FRZA v B e
il B9 N TSRO 7K 1 LOPR 1 5 B A RUAR LS L,
LOKEE R ERHEEL, PR ESL). KA
WAKEST AT RTREWE G, EWEAR
BISHRAG A, SeA g ok A8 — 20 b 3

1.2 SRR R A TR KB EC I

AT — IRV E AN SR A, g R R AN
IMNALERA, BEASSEE A R E 34T . NaHCO;
Y Ry #5005 7K 1) ME — JE HIL A% JF (inorganic carbon,
IC), 44521 4H () NaHCO, ¥ Ji 43 31 /2 0.0, 0.5,
1.0, 1.5 gL, 5l fEX 4, 1C=0.5 g/L4l,
IC=1.0 /L4 FIIC=1.5 /L& , 1 Ltk /K it FHo At 20 4y
7585 mg C¢H, 206, 59.5 mg NH,CI (A 4 T 20.0
mg N), 16 mg KH,PO,, 39 mg K,HPO,, 2 mg
MgS0,-7H,0, 4 mg CaCl,, #E/K 1 bk 25 i iR
MRS, AVURIE S ZEA LB 1S« 1
(R B ) o AN SN 8 4 YR I 0.2 mLI) fi
WICEIRW, O TT R WAL S IR [14].

YR N RS Z R, A KR IR
JBEKS LR [ B AR ), Bl S 3 I T A
WK TC AT i 5 B B 24, A 3R BE R K 9 45 41
-5 N TR KA R . WS RD AT S 3 A ) &2
SN i o IR 58 A 1) 2 TR AR TP A7
AT IR A RE e Rr, S5 X4y M2 B
B, 91 BB Ew B A K E B L
W21 d), 510 B AW 2 A 4E e B B (SE 50
Wi21d). 565 1 BB Ak AR K, kG
YA AT B K U2 B B A LR TR Y
B, g Re L P 22 A e .

1.3 SEIRHEFRAVNE

e B A S A B2 R A K — Wk, RN R IR
JEL 3 B B K 14:009 B 3E 47 3 AL 4R A5 1 W55 0
% . DO, pH{E Fl ik B 7E 14:00/H YSI Profifi #5 ={
JK B 43 M AL (Yellow Spring, OH, USA)M & , %
££100 mLH 7K 7K A% Fifi B 28 35 0.45 um ) 7K 2R 98
g, A I A (NHS-N), WA Z (NOS -
N), A& A (NO3 -N)FIL 2 5 S i, [m] B 70 22
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1 U8 S #930 mLK FELRAEE—20 °C,  FH R 2
A (TN)FI E B (TP). NHJ-N, NO;-N, NOj-N,
COD, TN, TPAHIRHE bR kit ",
A ) 88 P T AR (BF V) 990 38 T < (1000-
0010, Nalgene)ll & , HX 1000 mL) 7K £ 28 3 30
minf PTRE, BEEUTEUY M IRFL &, R E35
I — VR o S T AR B T W (TSS) Y 28 5 32 5%
IR K 53 B B AR o 5 0k, i S R AR R
1 000 mL/K AL, 2R 5 7E 105 °CHEAS 4L T AR 8 .
15 Je A PR BL(SVI) 2 45 VTR 5 1.0 g TSSHIAARFH
A= W 2R AT ) s A DU AR A R A R/, SR AR R
DM 25004 H 2l ik il 5 (% 5 A £% AH L H1 BRI
SRR AL R, A EE T B B
A T B B R WS4 A= ) 22 A1 o T 5 J 7 24 v 1)
TSS, 4 mLA:= ) 28 AT REFE T FURLAR 531

1.4 BUESH

HISPSS 19.0%} 7K B & 48 i A7 G2 it o A, He
w2 e HE K KB FE A B 2 ) 25 53R R R R
Ti %500, 225 W% KF- A P<0.05, ] GraphPad
Prism 5.0fE & .

2 4

21 £YZEARNFPIKRET

FEA S ok A AR R AU AR P kAT, B
PR i R DI R e = VAN S I A< |
K FIDOY TG I 35 22 5+ (P>0.05) (% 1), 741 i
A UK S 5 55 ma v , (E X BE 2 A pHAEL I 3 AIX
TAbHAH (P<0.05), iXJ&H T A ¥4 NaHCO; 1 7
i, SEECS A P pHAE f =

RN AR Z )G, A SR oK b
() & R R B B B (B 2-a) Hirpr, 34N AbHRZ
)2 MR AR 1L A B e I8, Bl )5 — B [a]
PREFTE BRIt T AR o X B 20 /R B
RN, 5 1 Wy Bl fond ik B2 454 2.35 mg/L,
B T A (P<0.05), S BB, BEHiHE
J L g H ) G 2 A BE R (120.0040.44) mg/L,
M K R B R BRI, X B 2 A 41 B
JEVI P gl AT 3k 3 e AR vk B, i A R A RS 20 A
W, HwZ& e deRe e s Rk B . 28 1 B B,
KL H B AL BRBORIBEN97.8%UA o [N A%
HE KT i 2 280 Wk R A A S R A 2R 41K T 0.1
mg/L, JoHLR IR B 5 4 A B2 (1IC=1.0 g/L4l Fi
IC=1.5 g/L&41), HH /KAl 2 R H B AIG H
P B A AL AR AT, S R BT
G, 1C=1.5 g/L4l 3k E B B 3K K -, Bl
JE1C=1.0 g/LZH .3 ¥ K& A1k (181 2-b). L iy 55 |
PrEe, Al KPS AZERE, &4
Z A 3 2 5 (P>0.05)([¥12-c)

ERBRA VRIS N Z 5, &4 H Kb
A AR B, I SRR 31~41K)
AP e BE , BUEE, X AR 2 A S AR
5 T Ak B 4H (P<0.05), 1C=0.5 g/L4 FIIC=1.5 g/L
40 2 6] 2% SN B3 (P>0.05), 1C=1.0 g/LZH N i 3%
K A 52 55 20 (P<0.05) 0 H 7K R 0 ik AR Ak
KSR 1 By AR b R AR AR AR
FHAL, SEBETREAE S 7RSS 1B B SE R AR
JE BN, R R RS E , b3 2 ()
To i 3 2 5 (P>0.05), 5 XTI 27 3% (P<0.05)
(#12-d).

x1 EVEARNFKFBLIERCEHESTES)

Tab.1 Water physicochemical factors in the biofloc reactors(mean + SD)

fEhr  index 1C=0.0 g/L 1C=0.5 g/L IC=1.0 g/L IC=1.5 g/L
JKi/°C  water temperature 29.8+0.25 29.9+0.26 29.9+0.21 29.8+0.27
pHIE 8.11+0.43° 8.82+0.31° 8.97+0.27° 8.97+0.31°
HfE4/(mg/L) DO 6.05+0.65 6.01£0.37 6.10+0.40 6.13+0.45
MK E/(mg/L)  influent ammonia nitrogen 20.15+0.10 19.97+0.09 20.05+0.06 20.09+0.11
#/K/(mg/L) COD( 1) influent COD 58.8+5.6 65.4+3.3 60.2+2.1 55.9+7.6
#E7K/(mg/L) COD(II)  influent COD 10.143.5 10.6+2.8 11.5+3.4 9.7+5.0

i AFRFEERYIFEP < 0.05HKF LA REEZR, A5 RERTTZ Wi Tukey . Jerb, AREA(DHAIDIEE 23RS T HrBA

BIUBBL B, HARK921

Notes: The ranges indicated with another superscript are significantly different from each other (mean + standard deviation) according to a One-way
ANOVA with Tukey test (P < 0.05). Among them, the items marked with (I) and (II) represented the stage [ and the stage Il respectively, the data

volume was 11, and the others were 21

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

http://www.scxuebao.cn


http://www.scxuebao.cn

972 KorE ¥R

44 %

BB stagel ZHITMEL  stagell
4 2l Y
Ot - XA
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= E 15 + = 1C=0.5 g/L
=3 + IC=1.0 g/L
g g 1; - ~1C=1.5g/L
EE ¢f |
ka5
wE D TN
° 18 24 30 36 42
If1E]/d  time
(a)
5 FIME stage ] ZEIFTEE stagell
s = X HR A 5
1 control group
1 - 1C=0.5 g/L
{ L IC=1.0 gL

= 1C=15g/L

S WO N WL o —
LI e S p

]

THASZIRE/ (mg/L)
concentration of NO; -N

18 24 30 36 42
FF1E]/d  time
(c)

[w]
N F
—
[\

WAH A K E /(mg/L)

concentration of NO, -N

FEIWrE stage ] FIPTEE  stagell

= XTHEZH contrfl group = 1C=0.5 g/L
L IC=10 gL e IC=15 gL

0.12
0.10 |
0.08 f
0.06 f
0.04 |
0.02 | ¥,

0

0 6 12 18 24 30 36 42
I Ia)/d  time

(b)
FIE stage ]l B stagell

oz 24F = XA

= = 21 ¢ control gro
g 18 | = IC=0.5g/L
£ g 15| + IC=1.0 g/L
e 1| = IC=1.5g/L
X2 9t

&3 6t

gl § 3|

0

0 6 12 18 24 30 36 42
IfTa]/d  time
(d

B2 FAEENKJIC)KEENENZEREFFEANH] -N)(a), LHSRANO,-N)b),
HERANO; -N)OMBT (TN U CEHEHREE)
Fig.2 Changes in ammonia nitrogen (N H;" -N) (a), nitrite (N O, -N) (b), nitrate (N O 3 -N) (¢) and total nitrogen (TN)

(d) of the biofloc reactors at different inorganic carbon (IC) concentration groups (mean + SD)

22 EYMERANEMETHRITEMRE

81 BB, AL DIRE BFV)E
MG W, 1C=1.5 g/LZH b Ik T b b 318 41
(P<0.05)(I#13), S5 1 J5 A (55 15~35 R )X R4
IC=1.5 /LA (I BFVIL T H AP . F8 BR A Lk
RS INIG . BEVIZWE /D, 785050 5 i T
FE, X IR A BFVIE LT 40 B 4 (P<0.05). 3B
T BrBEARI, Kb FELH ) TSSHR FE 2 w5 T B 4
(P<0.05), 1C=1.0 g/L4 iy 5 i (K 4-a). 55 T By B
AR, 2SI TSSH B 22 508/, {HIC=1.0 g/L4A
AR R A i K, HLB 35 T X IR 4 (P<0.05).
SVIAY I 72 45 S R % B8 40 A9 SVIHS 43 ik 3 3 T
A FRZH (P<0.05), IC=1.5 g/LAMHRAME, BHFMT
oA 20 (P<0.05)(E1 4-b). {H S 755 1T By Be oK 4,
K2 2 (] ) SVIHE BTG B 8 25 53 (P>0.05), FI{R %
7E40~100 mL/gits FEl 7 .

25 AR W) 2R A RE I (S 56 )5 300 2B 0 2 AT DO
AN R4 mL/L, SOR2 LE I &8t oK #E 17 D0
PLARAS RS UTAUE), X AL B, 4
mLA: 1) 28 P 10 R R ) e 15 T Ak B 4 (P<0.05), Ak
FRZH HhIC=1.0 g/LZH I7T i #E I 75 25 1> B B 3 ff F¢
BARKAE, UUREMERE K4 (B15). 1C=0.5 g/LAL I
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IC=1.5 g/LAH W UT R AR IS AHALL , 9 40 =2 W) G b 3
22 5(P>0.05).  FH . s WL 5% A W) 42 1A K AR 1) 4
RORLAR, 2B T Wy BT BR 20 A 9 22 P J00RE 4 A 55
AN, KT 450 pm (5 i i899%, 1C=1.0 /L4
RIORLAE Wy 2R PR L A e, /INORL Y o D,
HA32%. &5 1B Berb i 52 9 20 19 A= 9 22 A A
RHRAR KA FZ T, HrP1C=0.5 /LA Z L] 2.,
KT 150 pm Y BORL e 4135 2] 71% LA E (1516).

=~ FIE stage ] ZFEIE stagell
3 0 = | X4 control group
By T
\ o . =1.Ug
B2 gl . T =Ic=1s gL
= P ) ek
284 N
I e T
OV e L -, J *

2 6 10 14 18 22 26 30 34 38 42

fE)/d  time

3 FREHERICHKEHENRA
STIE (BFV)AIE L
Fig. 3 Biofloc volume (BFV) in different inorganic
carbon (IC) concentration groups
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== XHR4L  control group o= IC=0.5 g/L

= [IC=1.0g/L o [C=1.5 g/L
~ 150 T 0e “loe
)

EY
Ef :
2 100 r be b
R ab
2
s 50t
st
1 5
padl
B 1BR ERIINNEE S
end of the stage I~ end of the stage Il

@

TR AR R £/ (mg/L)

== SHRYL  control group o= IC=0.5 g/L

= [C=1.0 g/L om [C=1.5 g/l
200 ¢ c10g lie
150 + &
> 100 |
N ||

ESIUE SN
end of the stage Il

% LBBCR
end of the stage |
(b)

B4 FENIMEARBAARRBENIRAC)KE AT B2 EZ E KK E (TSS) ()5 R IR F 5 B(SVI)(b) T 1L
AR IE /N5 S RER W [ — B BER [ SE B 4 2 (AIFE P < 0.057K F 4 533 1 22 5 (PR [ 35 7 2 49 7 Bl Tukey K 56 )(n=3)

Fig. 4 Total suspended solids concentration (TSS) (a) and sludge volume index (SVI) (b) in different carbon (IC)

concentration groups at the end of the two stages

Different lower case letters indicated significant differences between different treatments at the P<0.05 level (one-way ANOVA and Tukey test) (n=3)

e WPHEZL  control group == IC=0.5 g/L
= IC=1.0 g/L

IC=1.5¢g/L
40 ¢ = ¢

30

20

4 mL 23 FYTFE R ) /min
4 mL flocculation settling time
S

ERNNEEN
end of the stage [

end of the stage Il

E5 BIMMERRPAEILIRJIC)HREETENER
FinbE4 mLCR R 8)FERIETC
AR NG 7 BER W S2 30 4 2 (B 4E P < 0.05/KF EA B %M % R
(%K 3 7 22 43 BT Rl Tukey K2 56 ) (n=3)
Fig. 5 Duration of 4 mL of biofloc (volume) in
different inorganic carbon (IC) concentration groups at
the end of the two stages

Different lower case letters indicated significant differences between

treatments at the P<0.05 level (one-way ANOVA and Tukey test) (n=3)
3 Wi

WEFE R, Y 2R AR R i i 4 & i R
e, (et IR MR R A, R RTK R i 5k
(CAPYSE S ER RPN RN o = IPNTTR T S (=)
ROKF, B E A K B B A R iz T
A I S 5L 2R W) R A S R L A R AR OK PR 2 UK
SRR, i BE S A S0kE G A W) 2R AT HE K SR
BH Z S8 T A I T B e B B DR A PLaR
URBR T 2R W) B BOR B K e, 7 R A U
JEAS AR T A ) 3R ORI o A 52 B 46
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mm 0~150 pm 150~300 um
= 300~450 pm 450 LA E
1.0
- -
08 | |

0.6 r

B4 H/%
Percentage

04 t
02 t

0
0 05 1.0 15 0 05 10 1.5
1R FEIHrE
stage | stage Il
7 /(g/L)

El6 AITMERARALEVEABRRNONEFEESS
Fig. 6 Particle size abundance distribution of

bioflocs at the end of the two stages

AR, A I JC AR Db 7 P = TR AR R
FI SRR AL T T FE A BBRE , (e 28 A 1 2R T A
EFF L o B R RE RS B T BB A I

31 SMREARNFFERMERE

TE R 1 BB, RS EW R RN g,
KB 2 R AR, B AR R E X
— R E BRI B B BE K AL A P
P, IFERA AR FRTELS 1, KR i 5557 40
RTS8 2 B BLBR IR, 38 i 5 5 Bl 2R 0 1 T
AER, EMMAEYEEER, BRERAR
g AUt r i A B A SRR R e T AR B A
JE DR 2 68 2 v TE AL DA JE 51 S KA PN
BAK, AMTFFRERRAETS, RS HER
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ANREA AL, R R AL B BRI R R . =
IR S RN O R TTROF ANORA S o S 1 -5 Y Ak -
AR TE I A A AR P B 2 SR A AR R AT AR A
JE T S B2 1C=1.0 g/L4H FIIC=1.5 g/L4 i /K
O A UG, U BH 3 n e B v T A Ak A
PR IE M, DA X 2B 28 A R I 4 v O A A
() LB BB AE ™, AR RA B MR,
X GBI AFEC RS ARRL, — 2 5 IR 0 R AL TA
FHETAEWZER G, FIAMSASEREKET
AR P, 2% 4 B A L B R IAF90%L |,
WL BA T A W 22 P s g 1 e s R R B

SRR, AVLREWBERZE, AA kK
JE ARRR AR I o A AR K, WA A A
Seyk b, X 5 AW R A PR A 3R A0
A, HRESAETHANT, Kl & ik
BA, HEAAVMHERNBERR, XA
W8 P S g e A EHUR IR AAAE 25, T
DAAERF HPRAR R AR RE . (R, MR T
BEMRE, HEEFERZAEIERENELER, K
AR Az 204, T S BUs AS Z AR R 0227,
X BEAL R F D JCHLRR R, pHIE A0 BR ALK,
TXREAR T S g 2 v S Ak TR A s PR, DT 3 3
AW E R R E R, EILh B, BAZk
AR ZBEML, HIELRMECENA
20%~30%, RLFKAK.
32 EMERANEMETHRITEMRE

A 2R A RO g R A B 3 T B TSSHk
JESRF R, ALK, TSSHE ih & 4k F57F 100
mg/LLAF, WA F I i B 426 42 1A 1 2R ™,
A BB R A S50 LA B R 4K T 2 (20%)5 ] i
1, BEFE R, AW A SR K S 4 R
ZF T ik REAE RO FR A K AR BB, 5 T B
XF B2 (Y TSSYR BEAR F 5230 41, U8 F e Hl 4 it
M7, AR S IR AE W AL A AR R A,
) B PR A 2 R T, 2B TR B, Ab PR TSSHE
FES A TR, X2 W TAYEE b 54w
(1 [ b 32 3 — i B (Ao, o 2R R gy
fiff LA S 2 A0 B A RE A IS 1, BFVIRZE f gk
UE T TSSH BE B AR A 555 . X BEZH 1 TSSYE B 7E
ST B BRI A s om, n] RE R Bk AR
X HEZH 0 A ) R AT R B D ORE R A A2
ZHUORER A MFESI5IR . 54, LR
55 1B BORE, LR IR B 5 SVHE B I L,
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EEE TR B JE 25 57, S RFTSSHR B AR fLAFAIE

T R b T A 2R AL B TR
Al DA S L SR B, T 2B R iy P s i 4 3
A SR A, S A ) B AT T R R I R A
W B BURL R AR S AR DL . AR R A TR 4 mL
SRR, XA LTI ERE S, 5L
WA DR VERE R4, WES R R SR
Y FERT B, A R S A R
SCH R, A TR BRI WA T MR AR S
My, ZBR&E22IRE, AR, Z2IRE
R PRGH B 25 [ T e S BRI TR PR R AR 222,
A ) B R AR oy A A5 R R, TEHLRR R Y R
RSN Bl RGN A o7/ BT B P
PTG IR R RESE , HoAs il B bt & kAR
T RGBS, X IR A2 R R RN,
LR Z EB RN B, JEH TR R LA T 220k
WG, g i, By
ZPRAR LS | BBy A s m, 2&m T
AP AEORE BUE , L BTRAA Irig n, o
SRR E A RE AR 2R, T —
BV, Bk M EA) . A TR R
AE U8 42 = 2B W R A B DURE JE X 0 AR 2L A
PRI . R A

AR, RS0 A Py 2 1A s
E J B TE) PN g Ak A B R A AU K I TR, el
W B — o B R AR R A I A g 22 1A T
PEVRAC R AL, AN AE SR K e e i B AR SR
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Effects of inorganic carbon source on nitrogen reduction and
sedimentation performance of bioflocs

GOU Jingwei', WANG Xiaoning', DU Hongchun', CHEN Jieyu', HE Xugang "***
(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China,
2. Hubei Provincial Engineering Laboratory for Pond Aquaculture, Huazhong Agricultural University, Wuhan 430070, China;
3. Freshwater Aquaculture Collaborative Innovation Center of Hubei Province, Wuhan 430070, China;
4. National Demonstration Center for Experimental Aquaculture Education,

Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The ectopic biofloc reactor was used to compare the simulated carbon sources (NaHCO;) concentration
of 0.0 g/L (control group), 0.5 g/L, 1.0 g/L and 1.5 g/L of simulated aquaculture wastewater which affected the
nitrogen reduction and sedimentation performance of the bioflocs in two stages: organic carbon source existed
(stage I for 21 d) and organic carbon source was missing (stage II for 21 d). The results showed that the effluent
ammonia nitrogen concentration in the first-stage control group was significantly higher than that in the other treat-
ment groups (P < 0.05), but generally decreased first and then stabilized. The nitrite nitrogen and nitrate nitrogen
in each group accumulated a small amount; the biofloc biomass and sedimentation rate of the control group were
significantly lower than the treatment groups (P < 0.05), and the difference between the treatment groups was not
significant. There was no significant difference in the concentration of ammonia nitrogen and nitrite nitrogen in the
effluent of each group in stage II (P > 0.05). The concentration of nitrate nitrogen in the control group was higher
than that in treatment groups, and the concentration of ammonia nitrogen decreased rapidly. At this stage, the bio-
mass and sedimentation rate of the bioflocs decreased, and the 1.0 g/ NaHCO; treatment group showed better
sedimentation effect; the particle size distribution also tends to be uniform. During the whole experimental period,
the removal efficiency of ammonia nitrogen reached 97.8% and the nitrite nitrogen did not accumulate signific-
antly at different concentrations of inorganic carbon source. The sedimentation rate and biomass of bioflocs in the
treatment groups were significantly higher than those in the control group (P < 0.05). The results show that the
addition of inorganic carbon source can improve the nitrogen reduction performance of bioflocs and enhance its
sedimentation rate. After removing the organic carbon source, the biofloc reactor can maintain the ammonia nitro-
gen removal capacity, but caused nitrate nitrogen accumulation, and reduction of biofloc organisms. When the
organic carbon source was missing, the inorganic carbon source (=0.5 g/L) could help the biofloc reactor to main-
tain its ammonia nitrogen removal capacity.

Key words: biofloc reactor; inorganic carbon; nitrogen reduction; sedimentation performance
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